One of the difficulties in teaching advanced courses is that new developments are occurring so frequently it is hard to have any textbook that is really up to date. The author has begun to use undergraduate research as a way to teach some advanced materials concepts.
Each class begins with the professor introducing the topic of natural fiber composite materials. The students then spend several weeks doing literature searches in this area. They then write proposals of a research project they can complete in the final 12 weeks of the course. The professor's only restriction on topic has been that it has to use natural fibers in some fashion. While the professor's personal research interest is in structural composites, the students have come up with a number of creative applications that are not structural.
Student responses to this experience have been very positive. These classes have resulted in two conference publications, which is not common for purely undergraduate research. A third assessment is how many students are now motivated to go graduate school. In the first three years this was done 37% of the students (7/19) have gone on to graduate school, and one of them is now working on his Ph.D. Many of them had not considered graduate school until they took this course.
Background
The author had several goals for this course. They included: 1. Teaching advanced materials concepts with a limited number of faculty members available to teach such courses. 2. Introducing undergraduate students to research. This might motivate some of them to pursue a graduate research experience. 3. Advancing the author's research agenda by having undergraduate students do some of the research.
This course is taught within a Mechanical Engineering program at Baylor University, which is a medium sized private university. In order to understand its context, there will be an explanation of its curriculum as compared to three other Mechanical Engineering programs. The author examined the curriculum of four different universities. One of them was his university (Baylor University) 1 , and he also examined the curriculum of a small, specialized university (Colorado  School of Mines) 2 , a medium sized public university (Louisiana Tech University) 3 , and a very large public university (Texas A & M University) 4 . There is not a lot of variation in required materials and required solid mechanics courses in these four Mechanical engineering programs.
All of the schools have a required materials course. Three of the four have a required materials lab (including the author's university). With respect to related solid mechanics courses all of them require statics, strength and machine design in some form. One university combines statics and strength into one course and then has an intermediate strength course to prepare students for machine design. One of the rationales behind the author's motivation to do these undergraduate materials research courses was the smaller number of students and faculty members make it difficult to offer additional materials courses.
The numbers of semester hours are all rather similar. Like many schools the author's university is reluctant to add semester hours to the curriculum. Therefore, any additional materials courses a student takes means she is taking fewer of some other type of courses. Most of these programs have relatively few materials elective courses. While the author's university has more than some of the others, limited numbers of faculty only allow about one materials elective to be offered in most academic years. The main exception to that is a very large university that has a large enough faculty to allow multiple materials electives to be offered each year.
Class goals
The professor had several goals for the undergraduate students who were taking it. The key goals included the following:  Do new research in the broad category of natural fibers.  Students will learn to work well in teams to do a focused research project.
 Motivate students to do research at a graduate level.  Learn basics about how to start a research project. This includes doing a broad literature search and then narrowing it down to something that could be accomplished in a reasonable time frame.  As a result of the literature search define a research question that they can answer within one semester.  Develop a set of experiments that can be used to answer the research question.  Write up a formal report and make a group presentation about their project. Since this was a Mechanical Engineering class they were required to write a report in the format required by ASME for journal publications.
Approach to class
With this limit to how many materials courses the program can offer each year, the author searched out ways to increase this number. One approach is to offer additional materials content through small group research courses. This would help accomplish several different goals as described in the previous section.
It is important to see how this approach fits in with how other universities use undergraduate student research. One university uses experiments as a tool to help recruit students into their undergraduate program 5 . That is not the purpose in our class, as these students are already majors in the program. Another approach is to use an undergraduate research class as a way to improve retention in an undergraduate program 6 . While that is not the overall purpose in this class, part of its motivation is relevant. The authors to paper (6) write: "Exposure to actual research projects in the undergraduate curriculum also serves to enhance the students' curiosity about how their undergraduate course subjects matter and how they can be used to solve more than just "textbook" problems."
Others use research as a way to improve student skills in fundamental courses 7 . Using research to teach topics is moving beyond just traditional lectures to teach fundamental topics 8,9,10 is a common approach.
This class did not count as an official class in the author's teaching load. However, since it furthered the author's research agenda with natural fiber composites he considered it part of his research efforts.
These classes were offered using our program's special topics course numbers. They did not all have the exact title, but the title for most of them was Natural Fiber Composite Materials. This was based on the author's current research with banana fiber reinforced polymeric composite materials. When the students first meet in each semester, they were presented with the big picture of this research at our university. The students were not required to do a specific research topic. Their only limit was that they were required to use natural fibers in an experimental program they could complete in one semester. The first time the professor did this he assumed that most of them would choose structural load bearing composites to work worth. However, as shown in the next section some of the students chose very different topics to work with.
The first third of the semester involved the students doing literature searches. The class met weekly as a group to discuss progress and make future assignments. As the students began to settle upon which topics they wished to pursue, the searches got more specific.
If the class is large enough (6 or more) we have allowed the students to break into separate teams and pursue different topics.
The last two thirds of the semester had the students first plan, and then conduct, a set of experiments to test out their hypotheses. The final result of the class was a group report and presentation. There was an open invitation to the M.E. program to come and observe the final presentations. The deliverables for the course were typically:
 Final group presentation  Final group report  Individual executive summary of their work  Peer assessment of their fellow team members
Since the composite materials elective course is offered about every other year, there was no assumption that the students had taken that course before they took this one. Students were required to have taken the strength course so that they would understand some of the mechanics issues related to tensile and compressive testing.
Course Topics
The professor has offered this research course four times, spring 2012, fall 2013, fall 2014, and spring 2016. The syllabus to these courses is very simple. A copy of the most recent syllabus is shown in the Appendix of this paper.
Enrollment data for the courses are shown below in Table 2 . For the first three times this was offered, the undergraduate students were all seniors. In the last offering, most of the students were spring semester juniors. 5 (four of them were juniors) Since 4 students were juniors, it is too early to tell
Course topics explored are shown below in Table 3 . The spring 2016 topic was in a loose way a continuation of the fall 2014 topic of making adobe bricks. The author is pleased with the wide variety of topics that the students pursued when the research topic was relatively broad. They explored topics that the author would never have thought about. One of the issues each professor should determine ahead of time is how open ended the problem statement should be. This author recommends as wide a possible topic that is still consistent with your personal research goals.
The number of students has affected the number of teams. When we have had smaller numbers in the class (2014 and 2016) all the students were on one team.
Assessment
Publications created as a result of class One measure of the quality of the research is whether these undergraduate students can get real publications out of their work. As a result of the first three offerings of the course, there have been two student publication obtained.
11,12 These were not publications in a student track of a conference, but regular conference papers written by undergraduates.
Going on to graduate school This is one measure of the goal of motivating the students to do further research on a graduate level. We examined how many students were motivated to go on to graduate school. Not counting the spring 2016 offering (which was mostly taken by juniors) 7 out of 19 students (37%) have gone on to graduate school. Only one of them went into this class already committed to going on to graduate school. This is much higher than the percentage of most Baylor University senior classes who go on to graduate school (about 10%). From the perspective of getting students excited about doing research, this appears to be a success.
Peer assessments To help assess how well the students worked on these research teams they were asked to do peer assessments of their team members. Many times students want to be nice to everyone and say everyone did above average. To avoid this the following method was used. For a four person team, you need to assign 400 points to the team (including yourself). If some gets more than a 100, then someone else must get less than 100. An example from fall 2014 is shown below in table 4. The shaded boxes are scores that students gave to themselves. Most of the self-assessments were reasonable. The person who rated himself with the highest score (student A) was also the highest rated by the other students. The student who gave himself the lowest score (student B) was also rated the lowest by the other students. Two of the students did not show a lot of discernment, ranking everyone very similar. The other two students showed significant variation in how they ranked each other. While not everyone worked to the same level, it appears that the students were able to successfully work together as a team.
In classes where there was more than one student group, students in one team did peer assessments of the oral presentations of the other team. The students' oral presentations grades in the class were based on the average of the student peer assessments and the score given by the professor.
Base on all of these assessment measures the writer considers this approach to be a success. He will continue doing this on a regular basis in the future.
Recommendations
The author would recommend that others consider doing this for several reasons:  With limited faculty members, this is a way to increase the amount of materials classes that can be offered to your program's undergraduate students.  It can help further your research agenda. Undergraduate students cannot do a large amount of research in one semester, but they can do some research.  It can help to recruit students into considering graduate education. This might be at your location, but could be at other locations.
One potential issue is that this will probably have to be done as an overload. As such, the professor considering this should carefully think through how this might help his/her research agenda. This type course should be restricted to topics of the professor's research interests, and not just topics where he/she has some knowledge.
Appendix: Course Syllabus

ME 4v97 Natural Fibers Composites Research Spring 2016 Syllabus
This is a small group, research class.
The topic for this class will be research related to characterizing the behavior of natural fibers. It will include potential uses and commercialization of natural fibers There will be assignments from each class. The students will report back what they have learned at the next class period.
Final products for the course will be:
 Formal group report on the research project  Formal group presentation of the work. Others will be invited to watch the presentation  Individual executive summary of your contribution to the work  Peer assessment of everyone on the team
